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The Regge inspired kT -factorization scheme expresses the scattering amplitude for exclusive lep-
toproduction of a light vector meson ρ in terms of two impact factors, one for the γ∗−ρ transition
and the other one for the nucleon to nucleon transition, with, at leading order, a two "reggeized"
gluon exchange in the t-channel. We report here on a recent phenomenological study [1] where
we apply a previously developped scheme [2] which consistently takes into account the twist 3
distribution amplitudes for transversely polarized ρ meson. The computation of the γ∗→ ρ im-
pact factor are performed within collinear factorization of QCD, up to the twist 3 level, based
on the Collinear Factorization scheme applied to the amplitudes γ∗(λγ)g(k)→ g(r− k)ρ(λρ).
Our results are in good agreement with high energy experimental data for the ratios of helicity
amplitudes.
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Exclusive leptoproduction of the ρ meson up to twist 3 A. Besse
In the impact factor representation at the Born order, the amplitude of the exclusive process
γ∗(q,λγ)N → ρ(pρ ,λρ)N reads (using boldface letters for euclidean two-dimensional transverse
vectors):
Tλρλγ (r;Q,M) = is
∫ d2k
(2pi)2
1
k2(k− r)2Φ
N→N(k,r;M2)Φγ
∗(λγ )→ρ(λρ )(k,r;Q2) . (1)
The momenta q and pρ are parameterized via Sudakov decompositions in terms of two light cone
vectors p1 and p2 as q = p1− Q2s p2, pρ = p1 +
m2ρ−t+tmin
s p2 + r⊥ ,2 p1.p2 = s, where Q
2 = −q2 is
the virtuality of the photon, and its presence justifies the use of perturbation theory, and mρ is the
mass of the ρ meson. The impact factor ΦN→N in Eq.(1) cannot be computed within perturbation
theory, and we use a simple phenomenological model provided in Ref. [3], of the form:
ΦN→N(k,r;M2) = Aδab
[
1
M2 +(r2 )2
− 1
M2 +(k− r2 )2
]
. (2)
A and M are free parameters that correspond to the soft scale of the proton-proton impact factor.
This simple model can be interpreted by assuming the existence inside the proton of some typical
color-dipole configurations (onia) which will couple to the ρ−meson impact factor through a two-
gluon exchange. Such a model was used successfully for describing DIS at small x [4].
The calculation of the γ∗(λγ)→ ρ(λρ) impact factorΦγ∗(λγ )→ρ(λρ ) is performed within collinear
factorization of QCD. The dominant contribution corresponds to the γ∗L → ρL transition (twist 2),
while the other transitions are power suppressed. The γ∗L → ρL and γ∗T → ρL impact factors were
computed long time ago [5], while a consistent treatment of the twist 3 γ∗T → ρT impact factor
has been performed only recently in Ref. [2]. It is based on the collinear factorization beyond the
leading twist, applied to the amplitudes γ∗(λγ)g(k)→ g(r− k)ρ(λρ). These scattering amplitudes
are the sum of the convolution of a hard part (denoted by H and Hµ for two and three body contri-
butions respectively), that corresponds to the transition of the virtual photon into the constituents of
the ρ meson and their interactions with off-shell gluons of the t-channel, and a soft part (denoted by
Φ andΦµ ). As the photon is highly virtual, this convolution reduces to a factorized form, expressed
as a convolution in the longitudinal momenta of partons in the hard parts in collinear kinematics
with distribution amplitudes (DAs).
Our accuracy is limited to dominant contributions both for γ∗L → ρL (twist 2) and γ∗T → ρT
(twist 3) spin flip and nonflip transitions, therefore only leading terms of the expansion in 1/Q in
both amplitudes are kept. Hence only two-body (quark-antiquark operators) and three-body (quark-
antiquark gluon operators) non-local operators are involved. The chiral even ρ-meson DAs up to
twist 3 are defined by matrix elements of non-local light-cone operators. We perform a reduction of
DAs to a minimal set ϕ1, B, D, thanks to QCD equations of motion and n-independency condition.
We refer the reader to publication [1] for more details and now show some results. We have
evaluated the ratios T11/T00 and T01/T00, which we compared with recent data from H1 [6] and
ZEUS [7]. In Figs. 1 and 2, we plot our results for the ratios T11/T00 T01/T00. We get fairly good
agreement with reasonable values of the two non-perturbative parameters λ and M involved in our
model. Our calculation involves both Wandzura-Wilczek (WW) and genuine twist 3 contributions.
It turns out that with the input for coupling constants in DAs of ρ−meson, determined from the
QCD sum rules, the WW contribution strongly dominates these two observables.
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Figure 1: Predictions for the ratio T11/T00 as a function of Q2, compared to the experimental data from H1.
Left: fixed λ = 0, and various values for M. Right: fixed scale M = 1 GeV, and various values of λ .
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Figure 2: Predictions for the ratio T01/T00 as a function of |t| for various values of M compared with H1
data. Left: Q2 = 3.3 GeV2. Right: Q2 = 8.6 GeV2.
Other scattering amplitudes ratios have also been measured and should be confronted to a kT -
factorization approach. The BFKL resummation effects have not been included. Although they
are known to be rather dramatic at the level of scattering amplitudes, we expect that for ratios
of amplitudes considered here, they should be rather moderate. Finally, let us stress that future
electron-ion collider with high energy and high luminosities [8] will open the opportunity to study
in details the electroproduction of meson.
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